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APPENDIX C 



CLASSIFICATION OF LIGANDS 
i&Nitrogen Heterocycles 28 
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"jfrto bipyridine and related heterocycles, there are numerous other 
£ les that give un.- or mult.dentate complexes. Some of the more im- 



N-N 
Pyridazine 



Pyrimidine 




Purine 



Pyrazine 

N-N 
Pyrazolate 



N^ ^N"' 
1,8-Naphthyridine 

Imidazolate 



e of the most important areas of concern for metal binding with nucleotides 
es a„d pyn mi d,ne S arises because of their presence in nLtic^^ 
i of certain metal complexes, notably m-PtCWNH ^ , ! 
eved to arise through binding to nuc£ ^^ 2 S 2 L^T^IS tt, 
:als to nucleic acid include the attachment of iJS^J^^ 
= t probes and the use of heavy metals to assist in X^SSS 

u nsub 

i protonated in the free neutral ligand. An example 




^ )Soc. , 

iazine, pyrazine); J. G. Vos and 



ueraction,); L G. Marzil.i and T. J. Kis.enmacher Acc CHem Res 977 10 uTc 
nat.kalas el al, Inorg. Chem., 1978, 17, 915 (Pd»). ' ' ' 46; C " 
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INTRODUCTORY TOPICS 



If the 9-position is blocked, the other imidazole nitrogen, N-7, is coc 
Binding appears somewhat less likely through N-l than through N-7; ! 
three complexes established by X-ray crystallography, two also invol'v 
with both N-l and N-7. 

Imidazoles^ have been widely studied. Although the binding is usuall 
the N atom (4-IX), in some Ru 11 , Ru'», Fe°, and Cr° complexes it is p. 
have C-bonded groups 30b (4-X). 



H 




(4-IX) 



H 
(4-X) 



4X 



(4-XI) 



M—Cg 



(4-XII 



The C-bonded entity can be regarded as a carbene (4-XI) (see Chapter 
a C-bound amidine 31 (4-XH). An example of a C-bonded species is the 
um(II) complex obtained as follows: 



[(NH 3 ) s Ru U H 2 or + nC?NH 



amjlu — N^NH 



H 

am/H 2 0)Rui^-^pj^ 
H 



The r ^~ b , 0nded imidazo,es commonly form bridges between two metal 

n(im)(TPP)THF)„, where TPP 



Tin. Humidazoles can Mi as mono or dianions, 33 for 




exa; 



Rh 



Rev., 1974, 74,471 (imidazole and histic 

underber 8 et ai - J- Am. Chem.Toc, 1974, 96, 381; Inorg. Chem. 1977 16 1* 
Isied and H. Taube, Inorg. Chem., 1976, 15, 3070. ' ' 

3 ' D. J. Doonan, J. E. Parks, and A. L. Balch, J. Am. Chem. Soc, 1976, 98, 2129 

K ° lkS €t ° l " J - Am ' Ckem - S0C " 1 976 ' 98 ' 5720; J - T L^ndrum et al., J. Am. Chem. S, 
^00, 3232; M. S. Haddad et ai, Inorg. Chem., 1979, 18, 141. 
33 S. W. Kaiser et at, Inorg. Chem., 1976, 15, 2681. 
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>v Ligands Derived by Deprotonation of Ammonia and Amines: 
Jkylamido, Nitrene, and Nitrido Complexes 

monia can be deprotonated by alkali metals to give the anions NHJ, NH 2 " 
ft 3 ", and all of these species can act as ligands. 

.here'are numerous ex amples of the amido ligand NH 2 a cting as a bridge, as 
\ ruthenium cq 



'mido ion N 




imiuv , „ „ „ fiWuhO^isnot common as a ligand, 

yg&ugh its alkyl and aryl derivatives NR are (see below). Some examples 35 of 
TOexes, which have terminal or bent bridged NH groups, are the following 
cies:. 



[(H^sRu — N — CKOH,) 6 ] 5+ 

0 H 0 

11 N || 
[(EtO),PS 2 } 2 MoC" ^Mo[S,P(OEt) 2 ] 2 
^0^ 

(diphos) 2 Cl 3 Mo=NH 



M£{do Complexes have N 3 ~ bound in the following ways: 
^Multiply Bonded Nitride M=N. 36 Here the nitride ion is forming three 
Ignj^bonds to the metal; it is one of the strongest tt donors known. The corn- 
mare rather similar to those containing M=0 groups (Section 4-23). The 
jDjexes are largely those of molybdenum, tungsten, rhenium, ruthenium, and 
^examples being NReCl 2 (PPh 3 ) 2 , [NOsCls] 2 ", and [NOs0 3 ]". The M=N 
J&re very short (ca. 1 . 1 6 A) and the M— N stretching frequencies are in the 
S5|950-ll80 cm"'. 

W>f-Bridged Species. These are of the following types: 

m ■ 

ffi&Hood et ai. Inorg. Chem., 1973, 12, 2153. 

^heney and J. N. Armor, Inorg. Chem., 1977, 16, 3338; A. W. Edelblut, B. L. Haymore, 
&A. D. Wentworth, J. Am. Chem. Soc, 1978, 100, 2250. 

pSriffith, Coord. Chem. Reo., 1972, 8, 369. D. Pawson and W. P. Griffith, J.CS. Dalton, 
EH; C. D. Cowman et al. t Inorg. Chem.. 1976, 15, \ 747. 
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[TRODUCTORY TOPICS 



One of the best known Schiff base ligands is bis(salicyclaldehyde)ethylc 
imine 88 (sal 2 en): 




CHO 



+ NH 2 CH 2 CH2NH 2 



H H 

^ ^C=NCH,CH 2 N=C 

-2H.0 rV"NT 



OH 



OH 



HO 




This is a bifunctional (two OH groups), tetradentate (2N, 20) ligand. Other 1 
bases can be mono-, di-, or tetrafunctional and can have denticities of 6 or 
with various donor atom combinations (e.g., for quinquedentate, N 3 0 2 ; r 
N 2 0 2 P; N 2 0 2 S, etc.). Complexes of un-ionized or partly ionized Schiff bas- 
also known 89 (e.g., LaCl3sal 2 enH 2 -aq). 

Some representative types of complex that illustrate not only the formati 
mononuclear but of binuclear and polymeric species are 4-XXXIII 
XXXVI. 



CH 




;ru 

i 

pph^ 

(4-XXXIII) 




X 

(4-XXXV) 



88 M. D. Hobday and T. D. Smit 

89 J.I. Bullock and H.-A. Tajmii 




Coord. Chem. Rev., 1972-1973, 9, 31 1. 
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MISTRY OF MAIN GROUP ELEMENTS 




o-C 



Fig. 14-11. The structures of (a) (CF 3 P) 4 and (b) (CF 3 P) 5 . Large, medium, and small < 
P, C, and F atoms, respectively. 




proper must be linea ( 
phosphorus compoun 




ital particir 



Cyclopolyphosphine&arjgjjy^jfli^iibd^ of gen 

(RP)„ and (RAs)„, n =» to 6. (C 2 F 5 P)3isbestki^ = 3 and 

(PhAs) 6 , and the threel^^gii«^|i*ffH5jAsnf^ « - 6. The fo 

membered rings predominate, with four-membered ones being favo 1 
substituents. The puckered structures adopted by these rings are il 
representative compounds in Fig. 14-11. 

These compounds in general are thermally stable, though often reac 
preparative reactions are: 

*RPH 2 + nRPCl 2 — 2(RP)„ + 2/iHCl 
RAs0 3 Na 2 + H 3 P0 2 — (RAs)„ 

The preferred conformation 69 for R 3 E 3 is 14-X, 
arrangement is enforced in 14-XI. 70 



\ 



R 

(14-X) 

67 P. J. Carrol and D. D. Titus, J.CS. Dalton. 1977, 824* 

68 L. R. Smith and J. R. Mills, J. Organomet. Chem., 1975, 84, 1; J. Am. Chem. 
3852. 

69 M. Baudler et a!., Z. Naturforsch., 1976, 31b, 1305, 131 1. 

70 J. Ellermann and H. Schossner, Angew. Chem., Int. Ed., 1 974, 13, 60 L 
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00, c isists o 
tical, 



iHHke subunits; these four are similar but not all 

r the j8 units of 



'glob^TSVPBfffBWCWRequ^ but 



rtheless the ways in which the chains are coiled to give three-dimensional 
;tures (tertiary structure) are quite similar. In each subunit of hemoglobin and 
yoglobin, the iron atom is also bonded to the nitrogen atom from the imidazole 
chain of a histidine residue. Figure 31-4 gives a schematic representation of 
?-subunit of hemoglobin; its essential features are typical of a-subunits and 
globin as well. 

xording to the description above, the iron atoms in Hb and Mb when no oxygen 
:sent (the deoxy forms) would be five-coordinate. In fact, there is probably 
ter molecule loosely bonded in the sixth position (i.e., trans to the histidine 
gen atom) to complete a distorted octahedron. The iron atom appears to be 
f the porphyrin plane toward the histidine. In both deoxy-Mb and deoxy-Hb 
on atoms are high-spin Fe M , with four unpaired electrons. 
;e function of both Hb and Mb is to bind oxygen, but their physiological roles 
ery different. Hb picks up oxygen in the lungs and carries it to tissues via the 
latory system. Cellular oxygen is bound by myoglobin molecules that store 
:il it is required for metabolic action, whereupon they release it to other ac- 
>rs. Hb has an additional function, however, and that is to carry C0 2 back to 
ings; this is done by certain amino acid side chains, and the heme groups are 
irectly involved. Because the circumstances under which Hb and Mb are re- 
d to bind and release 0 2 are very different, the two substances have quite 
ent binding constants as a function of 0 2 partial pressure (Fig. 31-5). 
;mogIobin is not simply a passive carrier of oxygen but an intricate molecular 
line. This may be appreciated by comparing its affinity for 0 2 to that of 
Jobin. For myoglobin (Mb) we have the following simple equilibrium: 



Mb + 0 2 = Mb0 2 



K = 



[MbQ 2 ] 
[Mb][0 2 ] 



presents the fraction of myoglobin molecules bearing oxygen and P represents 
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SPECTfL TOPICS 



CH3 C^CHgSC^' 




H 3 C- 

CH,- 
I 

CH, 

I " 
Cft- 



HC— «L J—CH 

A 1 h 



J 



,N — Fe — N 



f I 



-CH 3 



-CH^HjSCH — 



CH 2 CH ;l 
CH, 



Fig. 31-8. (a 1 
cytochrome <*.' 




C0 2 



Met 80 CH, 

/ 

CM, 



S — Fe 

/ I 

2 \ 



H 

C=C — CH 2 — 



-N 



C=N 
H 

Heme His 18 
group 



odeo^ttachmentofp^ the iron atom in 



tunnelling through the protein, by an outer-sphere mechanism. The folding of the 
protein chain is such that aside from the methionine and histidine residues that 
coordinate to the iron atom, the side chains that lie inside facing the heme group 
are the hydrophobic ones. The polar or charged side chains lie on the outside and 
are arranged in a unique pattern that seems to be designed to allow appropriate 
matching with both Cyt c\ from which an electron must be accepted and cyto- 
chrome oxidase to which an electron must be transferred. 

Cytochrome c seems to be one of the most ancient of biomolecules, having evolved 
in essentially its present form more than 1.5 billion years ago, even though it is 
present in all animals and plants, including those that have appeared more recently. 
It has been found that the cytochrome c of any eucaryotic species (one having cells 
with nuclei) will react with the cytochrome oxidase of any other species, thus 
confirming that this electron transfer chain has resisted evolutionary change for 
a very long time. 

Cytochrome P450 Enzymes. These heme proteins, found in cell membranes, 
catalyze the hydroxylation of C — H bonds; the name given to them is thus mis- 
leading, since they do not serve the type of electron transfer function just discussed 
for the "regular" cytochromes, but are actually enzymes. They consist of one heme 



ablished their structures by X-ray crystallography. 45 * 46 The essential features 
these structures are shown in Fig. 31-17. There is an RS" ligand attached to each 
the six iron atoms, as in the Fe 4 S 4 (SR) 4 systems. Perhaps the most remarkable 
d important observation 45 concerning these model systems is that one of them 
s an Mo EXAFS pattern that is essentially superimposable on that for the 
Mo-co. 

-11. Miscellaneous Other Metals 

The Alkaline Earths. Only magnesium and calcium have biological roles; the 
tier alkaline earths are more or less toxic. 

Magnesium has several important biochemical functions. Its presence in chlo- 
phyll, and the structure and photosynthetic activity of chlorophyll, have been 
intioned (p. 284). Animal organisms also require magnesium. For example, an 
ult human body normally contains about 20 g, of which about half is found in 
e bones and the other half within cells. The major role of intracellular magnesium 
to act as a cofactor for various enzymes that catalyze the hydrolysis or cleavage 
polyphosphates. Among these are alkaline phosphatase (which is a zinc metal- 
enzyme as mentioned earlier), ATPase, hexokinase, and one or more of the 
:oxyribonucleases. The Mg 2+ ion functions as a Lewis acid, polarizing the 
losphate groups, thereby enhancing the possibility of nucleophilic attack on a 
rminal phosphorus atom. 

Calcium is found almost entirely (ca, 98%) in the bones, but it has several other 
les as well. It is intimately involved in the process of muscle contraction, in neuron 
;tivity, and in at least one part of the visual process. Calcium is also believed to 
; an integral part of biological membranes. Several enzymes (e.g., a-amylase and 
lermolysin) use Ca 2+ ions in support of their structures, and in at least one case, 
:icrococcal nuclease, the Ca 2+ ion has been shown to participate directly in the 
;tive site, where it is coordinated by an octahedral set of oxygen atoms 47 

There are several proteins whose function appears to be calcium storage and 
ansport, especially in conjunction with its role in muscle contraction. The best 
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C. D. Garner et al., J.C.S. Chem. Comm., 1978, 740. 

F. A. Cotton and E. E. Hazen, Jr., Proc. Nat. Acad. ScL {U.S.). 1979, 76, 2551. 



